Abstract We investigate the evolutions of two prominences (P1,P2) and two bundles of coronal loops (L1,L2), observed with SDO/AIA near the east solar limb on 2012 September 22. It is found that there were large-amplitude oscillations in P1 and L1, but no detectable motions in P2 and L2. These transverse oscillations were triggered by a large-scale coronal wave, originating from a large flare in a remote active region behind the solar limb. By carefully comparing the locations and heights of these oscillating and non-oscillating structures, we conclude that the propagating height of the wave is between 50 Mm and 130 Mm. The wave energy deposited in the oscillating prominence and coronal loops is at least of the order of 10 28 erg. Furthermore, local magnetic field strength and Alfvén speeds are derived from the oscillating periods and damping time scales, which are extracted from the time series of the oscillations. It is demonstrated that oscillations can be used in not only coronal seismology, but also revealing the properties of the wave.
jets (Vršnak et al. 2007; Li & Zhang 2012) . The recent observation by Zhang et al. (2014) revealed that a prominence was triggered to oscillate in large amplitudes by the rising chromospheric fibrils underneath. This procedure, named as "flux feeding", is also a possible trigger of large-amplitude oscillations. So far, there are few observations about large-amplitude oscillations in prominences triggered by waves. With the method of prominence seismology, local physical parameters, such as magnetic field strength, can be extracted from the properties of the oscillations (Isobe & Tripathi 2006; Vršnak et al. 2007; Oliver 2009 ). By analysing the oscillation of the prominence during its slow rise phase, Isobe et al. (2007) concluded that prominence seismology based on large-amplitude oscillation is also a diagnostic tool for stability and eruption mechanism of the prominence.
There are also oscillations in coronal loops. Damped oscillations of coronal loops are first discovered by the EUV telescope on board the Transition Region and Coronal Explorer (TRACE) spacecraft (Aschwanden et al. 1999; Nakariakov et al. 1999) , and then further discussed by Schrijver et al. (2002) and Aschwanden et al. (2002) . Nakariakov et al. (1999) concluded that all parts of the loop oscillated transversely and in phase, indicating a kink global standing mode of the loop.
There are several damping mechanism for kink oscillations of coronal loops, such as footpoint or side energy leakage (Schrijver & Brown 2000) , phase mixing (Heyvaerts & Priest 1983; Roberts 2000) and resonant absorption (Ruderman & Roberts 2002; Ruderman 2005) . It is still an open question as to which mechanisms are working in the damping process. Physical parameters of the oscillations, e.g. periods and damping times, can be used to obtain indirect information on the conditions of the plasma and magnetic field in coronal loops (Nakariakov & Ofman 2001; Goossens et al. 2002; Arregui et al. 2007 ).
Large-scale coronal waves were first observed by the Extreme ultraviolet Imaging Telescope (EIT; Delaboudinière et al. 1995) on board the Solar and Heliospheric Observatory (SOHO; Thompson et al. 1999) , and hence are also called "EIT waves". In some papers, coronal waves are introduced as "EUV waves" as well, corresponding to the same phenomena. Coronal waves are commonly interpreted as fast magnetosonic waves (Wang 2000; Ofman & Thompson 2002) , which are always flare-associated, usually propagating from the flare site isotropically at a typical speed of 200−500 km s −1 (Nakariakov & Verwichte 2005) . The properties of the wave vary during the propagation because of the interaction with the coronal magnetic structures (Ofman & Thompson 2002; Gopalswamy et al. 2009; Veronig et al. 2010) . The studies of coronal waves have shed light on fundamental physical problems in solar physics, such as acceleration of the fast solar wind (Cranmer et al. 2007 ) and the mechanism of coronal heating (Heyvaerts & Priest 1983) . There are close relationships between coronal waves and oscillations of coronal structures. The coronal wave is a possible trigger of the oscillations (Hershaw et al. 2011; Kumar et al. 2013 ) on one hand, and on the other hand the oscillating parameters reveal the the physical properties of both the wave and the oscillating structures (Gilbert et al. 2008) .
In this paper, we study the oscillations of a prominence and a bundle of coronal loops associated with the coronal wave generated by a large flare. The different parameters of the oscillating lowing sections, we establish the locations of the relevant prominences and coronal loops through multi-spacecraft observations(Section 3.1) to investigate the interaction between the wave and the magnetic structures (Section 3.2), calculate the oscillating properties of the oscillating structures (Section 3.3), and estimate the local magnetic field strength and Alfvén speed from the oscillating properties (Section 3.4). By comparing the locations of the structures, we roughly estimate the propagating height of the wave (Section 3.5). Finally, discussion and conclusion are given in Section 4.
INSTRUMENT AND DATA
The prominences and the coronal loops were observed off the east limb in EUV by the Atmospheric Imaging Assembly (AIA; Lemen et al. 2012 ) onboard the Solar Dynamics Observatory (SDO; Pesnell et al. 2012) . Images taken by the Extreme Ultraviolet Imager (EUVI; Wuelser et al. 2004)) of the Sun Earth Connection Coronal and Heliospheric Investigation (SECCHI; Howard et al. 2008) imaging package on board the Solar TErrestrial RElations Observatory (STEREO; Kaiser et al. 2008 ) are utilized to exhibit the propagation of the coronal wave. The prominences appeared as dark filaments in the field of view (FOV) of STEREO's 'Behind' spacecraft (STB). Two prominences and two bundles of magnetic coronal loops are analyzed in this paper.
OBSERVATIONS
3.1 3D reconstruction of the structures Observations from different perspectives make it possible for 3D reconstruction of these structures. Here we use SCC MEASURE in SSW package to analyze the 3D geometric properties of the structures. The results are shown in Figure 2 , where the reconstructed points of P1, P2 and L1 are marked by blue cross symbols, cyan cross symbols, and red pluses, respectively. The geometric parameters of these relevant structures, obtained from the 3D reconstructions, are tabulated in Table 1 : D is the mean distance from the flare site, with the superscripts and subscripts indicating the spatial ranges of the structures, H is the maximum 3D height, and L is the estimated 3D length of the structures, which is calculated by summing the 3D distances of neighbouring reconstructed points by SCC MEASURE. It should be noted that L only represents the length of the parts of the structures that could be clearly recognized in the FOVs of both SDO and STEREO. Obviously, the estimated L is the lower limit of the actual length. The white curves in the left panels denote the solar limb as seen by SDO. It is obvious that P1, P2 and L2 were located near or to the west of (in front of) the solar limb in SDO, indicating that most parts of P1, P2 and L2 could be tracked in the 3D reconstruction. The coronal loops L1, however, were located more distant from the solar limb in SDO. As a result, some lower part of L1 were occulted by the solar disk in the perspective of SDO, which explains that its visible part in SDO has a minimum 3D height of 88 Mm. For comparison, the minimum tracked 3D heights of P1, P2, and L2 are only 15 Mm, 20 Mm and 6 Mm, respectively. Therefore, the calculated length from the 3D reconstruction for L1 is far from accurate; although the calculated lengths for P1, P2 and L2 are also underestimated, the deviations should not be large. 
where A, T, τ corresponds to the amplitude, period, and e-folding damping time, respectively. The height h is measured from Figure 3 cosine function with a uniform slow rise velocity v 0 is used here to fit the oscillation of L1:
The fitting yields that v 0 = (4.8 ± 0.2) km s −1 , A = (20 ± 1) Mm, T = (960 ± 10) s and τ = (1300 ± 100) s. The velocity amplitude is about (130 ± 10) km s −1 . The oscillating periods of the prominence threads and the coronal loops are approximately the same.
Estimation of the magnetic field
In order to calculate the magnetic field from the oscillating parameters, the densities within the oscillating prominence and coronal loops should be estimated first, which is achieved by differential emission measures (DEM; Hannah & Kontar 2012) . Figure 5 demonstrates the distribution of the emission measure (hereafter, EM), obtained from the integral of the DEM results. The relationship between EM and the electron density is written as:
where n is the electron density, and d is the column depth along the line of sight (Aschwanden & Acton 2001) . The distribution of logarithmic EM is shown in Figure 5 (a); the corresponding AIA 193Å running difference image is shown in Figure 5 (b). We select a square region around L1 marked as A in Figure 5 ; the average EM within this region, (8.1 ± 0.9) × 10 26 cm −5 , is used in Equation 3 to calculate the density in the oscillating coronal loops L1. The error of EM is also calculated by DEM method. We assume that the LOS depth of the loop is the same as its width, which is estimated to be about 10 Mm by SCC MEASURE. Therefore, the electron density in L1 is calculated as: n L = (9.0 ± 0.5) × 10 8 cm −3 . Under the assumption that the corona is fully ionized, the mass density is ρ l = m p n L = (1.4 ± 0.1) × 10 −15 g cm −3 , where m p = 1.6 × 10 −24 g is the mass of a proton.
The method of calculating density through DEM can not be directly used for prominences. This is because main parts of prominences are observed only in low temperature 304Å waveband, which is optically thick, and not adequately treated by the CHIANTI model (Woods & Chamberlin 2009 ), on which the DEM algorithm is based. The bright structure at the prominence site in Figure 5(a) represents the high temperature corona material within the magnetic system of the prominence, i.e. only part of the prominence. Labrosse et al. (2010) concluded that the prominence plasma is typically 100 times cooler and denser than its coronal surroundings. Based on this conclusion, we select another region, marked as B in Figure 5 , to calculate the density of the corona around the oscillating prominence, then the density in P1 can be estimated. The average EM within region B is (1.3 ± 0.1) × 10 26 cm −5 . The column depth of the corona should be larger than that of the coronal loops. Here we use the pressure scale height of 1 MK plasma H p ≈ 60 Mm as the column depth for the background corona. Then the electron density in the corona around P1 is calculated to be n C = (1.4 ± 0.1) × 10 8 cm −3 , and mass density ρ C = (2.3 ± 0.2) × 10 −16 g cm −3 . Therefore, From the densities obtained above, the local magnetic field within the oscillating structures can be estimated. Kleczek & Kuperus (1969) proposed a model describing the oscillations of a prominence, where the prominence is considered as a bundle of magnetic plasma threads anchored in the photosphere, and the restoring force is considered as magnetic tension. The oscillating period of the prominence P1 is given by
where L is the length of the oscillating prominence threads, ρ the mass density, and B the strength of the effective magnetic field providing the restoring force. From the measured value T = (1000 ± 20) s and L = 220 Mm, B is calculated as (37 ± 2) Gauss, with the estimated density ρ P ≈ (2.3 ± 0.2) × 10 −14 g cm −3 . The corresponding Alfvén speed is (690 ± 70) km s −1 , calculated by
Note that since the value of L in Table 1 is an underestimation of the length (see Section 3.1), the calculated B should be the lower limit of the strength of the magnetic field.
By using the phase speed of the fast kink mode, Nakariakov & Ofman (2001) calculated the local magnetic field with the parameters of the oscillating coronal loops as:
where ρ 0 and ρ e are the internal and external densities of the coronal loops, V A is the Alfvén speed, L is the length of the loop and T is the period. As discussed in Section 3.1, the length of L1 can not be directly measured from the 3D reconstructions. The estimated length of the 3D reconstructed part of L1 is L L1 = 220 Mm (see Table 1 ), and the heights of the two 'footpoints' of the reconstructed part are 88 Mm and 122 Mm, indicating the length of L1 should be at least 430 Mm. Here we use L = 430 Mm, the lower limit, for L1. Assuming the external to internal density ratio to be 0.1 (Nakariakov & Ofman 2001) , the magnetic field and corresponding Alfvén speed are calculated as (14 ± 1) Gauss and (1000 ± 110) km s −1 , with T = (960 ± 10) s and
As mentioned above, since the coronal loops L1 oscillated in a cylindrical kink mode, the damping time scale of the oscillation can also be used to calculate the local physical parameters. By comparing the the damping time scaling predicted by several damping mechanisms with that of the transverse oscillations in 26 coronal loops in 17 events, Ofman & Aschwanden (2002) demonstrated that the damping power index predicted by phase mixing is in excellent agreement with the observation, superior to other mechanisms. Then according to the phase mixing model deduced by Roberts (2000) , the e-folding damping time of the oscillation τ decay is given by Figure 4 reveals that P2, although at a lower altitude (see Table 1 ), was located at almost the same region as P1, under the same group of magnetic arcades. This indicates that the responses of P1 and P2 to the wave should not vary that much. As shown in Figure 3(d) , however, the threads in P1 began to oscillate after the wave passage, whereas there were no obvious motions along slit-1 in P2. As demonstrated above, large-amplitude oscillations in P1 was triggered by the wave. This indicates that the compression of the wave should be strong. Thus, if the wave had propagated through P2, at least disturbances along slit-1, i.e. the same direction as the oscillation in P1, should be triggered in P2 by the wave. Note that both P1 and P2 were located near the solar limb from the perspective of SDO, so that the projection effect is small. The fact that no disturbances were detected along the slit in P2 after the wave passage indicates that there might be no interaction between the wave and P2. This should result from the different altitudes of P1
and P2. Therefore, we may conclude that the wave must propagate above a certain height, i.e. the lower boundary of the wave front is between 50 Mm and 130 Mm, the maximum heights of P2
Damped large-amplitude oscillations 9 of the four filaments did not respond to the Moreton wave. By triangulations of the wave front, Patsourakos et al. (2009) found that the height of the wave above the solar surface is about 90 Mm. Kienreich et al. (2009) also suggested that the coronal wave originates from 80-100 Mm above the solar surface with the STEREO quadrature observations. Different from those studies, the flare site in this paper is far behind the solar limb from the Earth perspective. As a result, the wave front can hardly be observed in AIA images, so that the methods utilized above are infeasible here. Our result, obtained from the interactions between the wave and the prominences, is consistent with previous studies. Such heights are comparable to the coronal scale heights for quiet Sun, which is 50∼100 Mm for the temperatures of 1∼2 MK. Patsourakos et al. (2009) concluded that the fast-mode wave perturbs the ambient coronal plasma with its bulk confined within a coronal scale height, also indicating that our observation is consistent with the fast-mode wave propagation.
DISCUSSION AND CONCLUSION
As discussed above, the oscillations in P1 and L1 were triggered by the coronal wave. The exact nature of the relationship between the properties of the wave and the filament activation is currently not well understood (Tripathi et al. 2009 ). However, we may still conclude that the wave energy deposited in P1 and L1 should be no less than the oscillating energies of P1 and L1, respectively.
The oscillating energies can be estimated from the oscillating parameters:
where m, A, T , ρ, r, L correspond to the mass, amplitude, oscillating period, mass density, radius, length of the prominence (coronal loops), respectively. Assuming r = 10 Mm for the prominence threads, the same as that of L1, the oscillating energies can be estimated from the measured values of A, T , L and ρ in Section 3.3 and Section 3.4: the oscillating energy of the prominence P1 is E P1 = (1.0±0.4)×10 28 erg and the energy of the loops L1 is E L1 = (1.6±0.3)×10 28 erg. Therefore, the lower limit of the dissipated wave energy within the region of P1 and L1 is E = E P1 + E L1 ∼ 10 28 erg. P1 and L1 span about 30 deg with respect to the flare, as is shown by the black sector in the bottom left panel in Figure 1 , and only the wave within this sector interacted with P1 and L1. Since coronal waves are generally considered to be isotropic and propagate in a wide-range sector almost symmetrically relative to the flare site (Chertok & Grechnev 2003; Warmuth et al. 2001; Nakariakov & Verwichte 2005) , the total energy of the wave should be much larger than the deposited wave energy within P1 and L1, probably of the order of 10 29 ∼ 10 30 erg.
Since the relevant flare is behind the solar limb, there is no GOES observations for it. as shown in Figure 6 (a) and 6(b). Although the backgrounds of these two flares were different, the increase of the peak value during Flare 1 relative to the background (the average value before the onset of the flare) is 1.0 × 10 7 dn, and that during Flare 2 is 3.7 × 10 6 dn. It is obvious that flare, probably an X class one. Thus, the total energy released by the relevant flare should be of the order of E f lare = 10 32 erg (Tandberg-Hanssen & Emslie 2009). Aschwanden et al. (2014) also demonstrated that the magnetic free energies of large flares are usually larger than 10 31 erg.
Therefore, the flare energy is much larger than the estimated wave energy. The direct trigger for coronal waves, at least those have a bright wave front, are usually considered to be Coronal Mass Ejections (CMEs) (Biesecker et al. 2002; Ballai et al. 2005; Chen 2006) . In this event, a CME was generated by the flare, as shown in Figure 6 (d), the observation from the Large Angle and Spectrometric Coronagraph (LASCO; Brueckner et al. 1995) on board the Solar and Heliospheric
Observatory (SOHO). From the the LASCO CME list on CDAW site, the kinetic parameters of the CME is as follows: the velocity of the CME is 774 km s −1 and the kinetic energy is 2.7 × 10 31 erg, also much larger than the estimated wave energy. Therefore, we conclude that the flare and the corresponding CME should be energetic enough to trigger the coronal wave.
In summary, we investigate the oscillations, triggered by a global coronal wave, of the prominence and the coronal loops quantitatively. From the observed oscillating properties, local physical parameters are obtained. The magnetic field strength and the Alfvén speed of the prominence are at least about 37 Gauss and 690 km s −1 , those of the coronal loops 6∼14 Gauss and 480∼1000 km s −1 . By comparing the locations and heights of the oscillating and non-oscillating structures, the propagating height of the wave is estimated to be 50∼130 Mm, comparable to the coronal scale heights for quiet Sun. Finally, the lower limit of the energy dissipations of the coronal wave are roughly gauged by the oscillating energies, and the relevant flare and CME are proved to be energetic enough to trigger this coronal wave. The 3D reconstructions play an important role in analysing the observations. Oscillations can be used in not only coronal seismology, but also revealing the properties of the wave. . The CME catalog used to obtain the kinetic parameters of the relevant CME is generated and maintained at the CDAW Data Center by NASA and The Catholic University of America in cooperation with the Naval Research Laboratory. SOHO is a project of international cooperation between ESA and NASA. is the running difference image of LASCO C2 observations for the CME generated by the Flare 1.
